INTRODUCTION
These models apply to deposits matching the descriptive model of AuAg-Te veins, number 22b, by Cox and Bagby (1986) . The deposit type, simply stated, by Cox and Bagby (1986) is "gold telluride minerals and fluorite in veins and breccia bodies related to hypabyssal or extrusive alkalic rocks." Thorpe and Franklin (1984) have prepared a similar descriptive model for alkalic subtype mineral deposit type as part of the their general intrusionassociated gold class (No. 15b). They identify Kirkland Lake camp and YoungDavidson at Matachewan, Ontario, Canada as member deposits.
Essential features of these deposits are (1) veins hosting gold, silver, and telluride minerals, and (2) associated hypabyssal or extrusive alkalic rocks. In addition to veins, deposits modeled here also include breccia, replacement, and disseminated mineralization. Current exploration and deposit exploitation are focused on bulk minable mineralization. Gold in unoxidized mineralization is usually sulfide-or telluride-hosted, or extremely fine-grained. Consequently, derivative gold bearing placers from these deposits may be absent or poorly developed.
Recognition of deposits that fall into this deposit type is confounded by several factors. Whereas silver is noted in the deposit-type name, gold is the primary commodity for deposits included in these grade, tonnage, and target areas models. A related deposit type with silver as the primary commodity has been recognized (e.g. Flathead, Montana) and remains to be modeled separately. The presence of telluride minerals has not been specifically described in some deposits, but these deposits were included in the model due to similarity in deposit geology to adjacent Au-Ag-Te deposits or other AuAg-Te deposits identified using the descriptive model. Telluride minerals may easily go unrecognized and deposits are often oxidized and primary sulfide/telluride mineralization may not be preserved.
The association of igneous rocks to mineralization may be ambiguous. Although the deposits are hydrothermal in origin, they are at least in-part genetically related to magmatic fluids (Saunders, 1986) . The alkalic igneous rocks associated with them are believed to be derived by partial melting of metasomatized lower crust or mantle possibly as a result of subduction (Westra and Keith, 1981; Mutschler and others, 1985; Birmingham, 1987; Eriksson, 1987; Musselman, 1987; Maynard and others 1990; Alien and Foord, 1991) . In this model we have included deposits that are either hosted by appropriate igneous rocks or show some spatial, temporal, or geochemical relation to the nearby alkalic rocks. Also, due to the complexity of the nomenclature for alkalic igneous rocks, classification of related igneous rocks may be difficult. For a given deposit, the literature describing the igneous rocks present often include many classification schemes. The definition of "alkalic" that we use is from Shand (1922) in which a rock is dassed as alkalic if it contains total alkalis in excess of that necessary to combine with silica and alumina to form feldspar. Four subtypes of alkc possible. Thus, any rock bearing a feldspathoid pyroxene is alkalic. If chemical data exists for i£ schemes of Irvine and Baragar (1971) Cox and Bagby (1986) ), member deposits can be sought and perhaps recognized. When found, data about their grades, tonnages, and target areas can be used for modeling. Ideally, the data should represent the estimated pre-mining tonnages, and grades. Estimates should be made of tonnage at the lowest given cut-off grades. The grade, tonnage^ and target area models are presented in a graphical format (plots) to make it easy to display the data and to compare with others (Cox and Singer, 1986; Fliss, 1992) . The plots show grade, tonnage or target area on the horizontal axis, and the cumulative proportion of deposits on the vertical axis. The units are metric, and a logarithmic scale is used for tonnage, grade, and target area. Each point on a plot represents a deposit. The deposits are cumulated in ascending grade, tonnage, or target area. Smoothed curves, representing percentiles of a lognormal distribution that has the same mean and standard deviation as the observed data are plotted through the points. Intercepts for the 90th, 50th, and 10th percentiles of the lognormal distributions are identified. A detailed description of how these plots are generated has been published (Singer and Bliss, 1990) .
GRADE AND TONNAGE MODELS
Several grade and tonnage models have been proposed for epithermal vein deposits of which the Au-Ag-Te type is an addition. They include Comstock epithermal veins (Mosier and others, 1986b) , Creede epithermal veins (Mosier and others, 1986a) , Sado epithermal veins (Mosier and Sato, 1986) , epithermal quartz-alunite gold ) and polymetallic veins (Bliss and Cox, 1986) . Other types of epithermal deposits with precious and base metals include hot-springs Au-Ag (Berger and Singer, 1992) , sediment-hosted Au (Mosier and others, 1992) and distal disseminated Ag-Au (Cox and Singer, 1992) . The latter two models are a refinement of carbonate-hosted Au-Ag (Bagby and others, 1986) .
Model preparation is easier for mineral deposit types with distinctive characteristics. Those mineral deposits which belong to these deposit types can be clearly recognized. As the efforts in mineral deposit modeling have evolved, more deposit types now under consideration are not well described and (or) understood. Modeling these remaining deposit types is difficult. This model of Au-Ag-Te veins is an attempt to improve this situation.
The definition of Au-Ag-Te veins is subject to several complications. Defining what is a deposit in a spatial sense is difficult because mineralization and mines working these veins are found at various distances from one another. Mining properties with a spacing of one mile (1.6 km) or less were treated as parts of the same deposit. For example, application of the rule for mining properties in the Bald Mountain district, South Dakota, resulted in a deposit with 35 mines aggregated in an area of 16.4 square kilometers (6.3 square miles). In a few cases, data from districts with mines of unknown spacing are represented as single deposits. The Zortman-Landusky deposit, Montana, has mineralization in two zones separated by a distance greater than 1.6 km but are reported together and are treated in this model as a single deposit.
A variety of gold cut-off grades are likely since a few deposits were worked using small-scale methods while others were worked using large open pits. As a general rule, data are selected so that the model better reflects the economic and technological situation of the 1980s. This has resulted in the exclusion of three smaller, high gold grade deposits (Ragged Top and Whitewood, Black Hills, South Dakota; and Boulder, Montana).
Several types of complications have been identified during the preparation and review of the Au-Ag-Te veins models. No claim is made that all issues raised have been resolved and continued discussion is needed for final resolution. Some issues include:
(1) Some Comstock-type deposits contain conspicuous telluride mineralization and occur in the same tectonic setting as Au-AgTe veins. High potassium, calc-alkalic rocks associated with Comstock deposits also overlap with tme alkalic rocks. Misclassification of deposits is easy. (2) Two deposits (Kirkland Lake, Young-Davidson), found in the Canadian Shield and included in this model, have also been included in the Homestake model Au (]hosier, 1986). The Kirkland Lake district meets the require iments of this model. Cross-cutting relationship noted at Kirk and Lake suggests that the mineralization is related to the alkaic rocks found in the district. Young-Davidson is in an area which is an extension of the geologic setting of Kirkland Lake. As noted earilier, Thorpe and Franklin (1984) also give both deposits as examples of intrusion-associated gold where the intrusive rocks are alkalic. (3) It is suggested that the Allard Stock which also contains PGE in addition to Au and is found in the La P ata District, Colorado, be treated as (a) the only part of the district which the Au-Ag-Te veins model is applicable or (b) is not a] >plicable since the PGE mineralization in this case is a product of magmatic segregation and not of hydrothermal processes. The Allard Stock may be a member of a small group of deposits (e. 5., Goose Lake, Montana) of a type using the criteria of PGE associated with chalcopyrites in alkalic rocks and formed by magmatic segregation (Zeintek, verbal commun., 1991) . It has also been suggested that chalcopyrite are parts of veins of a hydrothermal affiliation. Whether the Allard Stock should be treated as part of general mineralization of the La Plata district is not resolved. However, alkalic rocks and Au-Te mineralization iare features of the district as a whole and, therefore, the eritire district is treated as a Au-Ag-Te vein deposit. The mineralization at Allard Stock may be a separate mineralization event, butjis insignificant in terms of total tonnage and has no impact on the deposit size or gold grade of the district. (4) Thirty percent of the data are for deposits in the Northern Black Hills, South Dakota, and this may bias the model in ways not recognized. A special attempt was made in that area to capture data on the smaller-sized deposits which resulted in greater frequency of smaller deposits on the tonnage curve. However, the South Dakota deposits are not statis tically different from the rest of the data set in terms of deposit tonnage, gold and silver grades, or target area sizes (Mann-Whitney U test).
Four other commodities have been either recovered or reported in sufficient detail to allow an estimate of grades to be made but too few values are available to justify modeling. They include the following:
WO3--grades are estimated for 2 deposits at 0.007 and 0.066 percent, Cu--2 deposits with grades less than 0.07 percent, Pb 3 deposits with grades less than 0.45 percent, and Zn 2 deposits with grades less than 0.024 percent. Other commodities noted are V and PGE which are recognized in mineralization in the Allard Stock of the La Plata district, Colorado (see discussion above) and Ortiz deposit, New Mexico. The PGE associated at Ortiz is unverified. While telluride mineralization is a key component in this model, no grades or production was found for this metal with the exception of the Emperor deposit, Fiji. In that case, Te is reported to have been recovered, but the amount was not given nor the tonnage of ore processed. Fluorite veins are intimately associated with Au-Ag-Te veins in the Jamestown district, Colorado where 63,000 mt of CaF2 was reported to have been recovered (Levering and Goddard, 1950) . However, these veins should be treated as a separate mineral deposit type as it is the result of a seperate mineralization event although possibly a related one.
The grade and tonnage model based on 24 deposits are shown in figures 1-3. No correlation was found among the variables. Tonnage, Au grade, and target areas were found to be not significantly different then lognormal (at the 1 percent level) using the skewness and kurtosis goodnessof-fit tests (Rock, 1988) .
GOLD PLACERS
The ratio of Au-Ag-Te veins with gold placers to those without gold placers is about 6:1 as determined from reports on deposits used in our model. Deposits found in the Black Hills, South Dakota were not used since they are adjacent to the large Homestake deposit which is a member of the Homestake Au deposit type (Berger, 1986) . In this case the contribution from Au-Ag-Te vein deposits to gold placers cannot be easily determined. The two Canadian deposits were glaciated and placers can not be expected. The estimate is also plagued by lack of reporting about placers since most papers available are focused on vein deposits, not placer deposits.
While most Au-Ag-Te vein deposits have associated placers, they are all small and are worked using small-volume methods under the classification scheme developed by Bliss and others (1987) . This type of placer has volumes between 1,000 and 240,000 m^, and gold grades between 0.58 and 17 g/m3. Maximum contained gold is on the order of 4,000 kg. Evaluation of associated placer activity was made for the six Au-Ag-Te vein deposits in Boulder County, Colorado ((Koschmann and Bergenhahl, 1968), Cripple Creek (Levering and Goddard, 1950) , La Plata (Eckel, 1949) , Zortman-Landusky (Hastings, 1987), Golden Sunlight (Koschmann and Bergenhahl, 1968; Ageton and others, 1969) , Kendall-Muleshoe (Blixt, 1933 ] Koschmann and Bergenhahl, 1968 ), White Oaks Bergenhahl, 1968 , and Emperor (Colley and Greienbaum, 1980) . The median amount of gold expected from placering is about , Ortiz (Johnson, 1972; (Koschmann and 200 kg based on data on placers associated with these deposits. The maximum contained gold from placering was 3,000 kg which is comparable to 4;000 kg, the maximum contained gold produced from small-volume mining.
TARGET AREA MODEL 21 A target area model, based on data from idea of the size of area of an undiscovered Au-A defined here. The model is crude because data properties at a spacing less than or equal to one to form single deposits for modeling purposes, a considerable area where properties are grouped area defined in this way is certainly not a projection surface or outcrop area because the aggregate areas without mineralization. The target model artifact of the procedure used, but it still gives areas that Au-Ag-Te vein deposits present. fig. 4) Au-Ag-Te veins 
